(19) 



J 



(12) 



(43) Date of publication: 

31.01.2001 Bulletin 2001/05 

(21) Application number: 00830524.5 

(22) Date of filing: 25.07.2000 



Europaisches Patentamt 
European Patent Office 
Office europeen des brevets (11) EP 1 072 234 A2 

EUROPEAN PATENT APPLICATION 

(51) Int. CI. 7 : A61F2/08 



(84) 


Designated Contracting States: 


(72) Inventors: 




AT BE CH CY DE DK ES Fl FR GB GR IE IT LI LU 


• Castiglioni, Andrea 




MCNLPTSE 


20121 Milano (IT) 




Designated Extension States: 


• Zaccherotti, Giovanni 




ALLTLVMKRO SI 


50134 Firenze (IT) 


(30) 


Priority: 29.07.1999 IT BO990430 


(74) Representative: 






Bardini, Marco Luigi et al 


(71) 


Applicants: 


c/o Societa Ita liana Brevetti S.p.A. 


• 


Castiglioni, Andrea 


Corso dei Tintori, 25 




20121 Milano (IT) 


50122 Firenze (IT) 


• 


Zaccherotti, Giovanni 




50134 Firenze (IT) 





CM 
< 

CO 
CM 

CM 

o 



LU 



(54) Device for the femoral fixation of tendons for the reconstruction of the anterior cruciate 
ligament of the knee 

(57) A device for the femoral fixation of the ST and 
G tendons for the reconstruction of the ACL of the knee, 
comprises an elongated body (1), means (2) for anchor- 
ing the tendons to the body (1), formed in correspond- 
ence to a distal end thereof; and a set bar (9) pivotally 
supported by the elongated body about a transverse 
axis in correspondence to a proximal end thereof. The 
set bar (9) comprises a couple of coaxial stop arms (9b) 
and is pivotable between two insertion positions, angu- 
larly spaced by 180°. While keeping set bar (9) in a 
insertion position, the device is inserted into consecu- 
tive tunnels (12a, 13a) preliminarily formed in the tibia 
and femur, until the proximal end of the body (1) partly 
projects out of the femoral tunnel (13a). In such condi- 
tion said set bar (9) is rotated to a fixation position in 
order to cause the abutment of the stop arms (9b) 
against the surface of the femur. 




Fig. 2 
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Description 

[0001] The present invention relates to a device for 
the femoral fixation of the semitendinosus and gracilis 
for the reconstruction of the anterior cruciate ligament 5 
(indicated at ACL hereinafter for the sake of simplicity) 
of the knee. 

[0002] At first, it was common belief that, in the 
reconstruction of the ACL, the patellar tendon could 
ensure the utmost strength, owing to its mechanical 10 
properties and to the fact that it has bone blocks at both 
the ends. Then, evidence was provided that both the 
semitendinosus (indicated at ST hereinafter for the 
sake of simplicity) and gracilis (indicated at G hereinaf- 
ter) tendons have mechanical properties which are 15 
comparable to, and even higher than, those of the patel- 
lar tendon. 

[0003] However, it has to be noticed that, when 
compared to patellar tendon, doubled ST and G ten- 
dons have worse properties as far as the fixation to the 20 
bone is concerned, due to the absence of bone blocks 
at its ends. Namely, it was demonstrated that a defective 
primary fixation of doubled ST and G is more frequently 
affected by postoperative laxity. 

[0004] Therefore, various femoral or tibial fixation 25 
techniques were proposed, with the object of achieving 
the firmest possible connection to the bone. The related 
surgery procedures usually involve an auxiliary lateral 
incision at the level of the lateral femoral metaphysis, a 
number of steps which can make the operation longer, 30 
and possible problems in the graft insertion step. Con- 
sequently, such procedures require a prolonged learn- 
ing curve for the surgeon. 

[0005] Presently the operation is carried out by 
forming two bone tunnels, one in the tibia and one in the 35 
femur. The tibial tunnel is drilled first, aiming at the cen- 
tre of the anatomic ACL insertion area into the joint, 
using cannulated reamers and a K-wire as a guide. The 
harvesting of the ST and G tendons is made using a 
commercially available stripper, which strips the ten- 40 
dons well beyond the muscuiotendinous junction. The 
tendons are then freed and detached distally. After 
accurate cleaning and removal of all muscle remnants, 
the ends of the two tendons are sutured together. 
Namely, the ST and G tendons are looped around a 45 
mersilene tape firmly fixed to a metal bar. This kind of 
device is used to fix the graft to the femur. The graft 
quadrupled and mounted with the mersilene tape and 
the metal bar is inserted into the joint through the bone 
tunnels, firstly through the tibial and then through the 50 
femoral one. Thus, the fixation is achieved by pulling the 
graft and bending the metal bar over the lateral cortical 
surface of the femur. 

[0006] The above described operation has the fol- 
lowing remarkable drawbacks. Firstly, the fixation 55 
device, once inserted, cannot be removed unless the 
graft is cut. Besides, the area of the cortex against 
which the metal bar abuts is too narrow. 



[0007] Moreover, the - relatively - substantial width 
of the fixation device disturbs the muscles adjacent to 
the abutment area on the cortex. Finally, the use of the 
mersilene tape results in a very low failure load and 
inadequate stiffness. 

[0008] It is an object of the present invention to 
overcome the above mentioned drawbacks, providing a 
new device for the femoral fixation of the 
semitendinosus and gracilis tendons for the reconstruc- 
tion of the anterior cruciate ligament which, in particular, 
affords what follows: 

the accomplishment of a direct - i. e. without inter- 
mediate junctions which could represent weak 
bridges - fixation between the graft and the lateral 
femoral cortex; 

high failure load, comparable with that of the graft; 
very high stiffness in order to obtain a rigid fixation 
and prevent the graft slippage; 
a simple insertion, and a simple possible removal in 
any step of the operation; 

a fixation of the graft which is very similar to the 
original fixation of the native ACL; and 
a wide abutment area against the cortical surface, 
without disturbing the adjacent muscles. 

[0009] According to the invention, said objects are 
achieved with a device for the femoral fixation of the ST 
and G tendons for the reconstruction of the ACL of the 
knee, comprising: an elongated body; means for 
anchoring the tendons to said body, formed in corre- 
spondence to a distal end thereof; and a set bar pivot- 
ally supported by the elongated body about a 
transverse axis in correspondence to a proximal end 
thereof. The set bar comprises a couple of coaxial stop 
arms and is pivotable between two insertion positions, 
angularly spaced by 1 80°, in each insertion position a 
respective stop arm extending beyond the proximal end 
of the elongated body, coaxially thereto. In this way, 
keeping the set bar in a insertion position, the device is 
inserted into consecutive tunnels preliminarily formed in 
the tibia and femur, until the proximal end of the body 
partly projects out of the femoral tunnel. In such condi- 
tion said set bar is rotated to a fixation position, interme- 
diate between said insertion positions, in order to cause 
the abutment of said stop arms of the set bar against the 
femur. The sliding of the body within said tunnels and 
the rotation of the set bar are operated via threads 
attached to respective stop arms. 
[0010] Further features and advantages of the 
device for the femoral fixation of the ST and G tendons 
for the reconstruction of the ACL according to the 
present invention will be apparent from the following 
description of an embodiment thereof, given as an 
example and not limitative, with reference to the 
attached drawings wherein: 

figure 1 is an exploded side view of the device 
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according to the invention; 

figure 2 is a perspective view of the device of figure 
1 , in a fixation arrangement; 
figure 3 is a perspective view of the device of figure 
1 , rotated by 90° with respect to figure 2 and in a 5 
insertion arrangement; 

figures 4a and 4b are schematic cross sectional 
views of a knee - about 90° of flexion - elucidating 
the fixation operation using the device of figures 1 
to 3. w 

[0011] With reference to the above figures, the 
device according to the present invention comprises an 
elongated body 1 , made of titanium, preferably about 28 
mm long and about 5-=-6 mm wide, on average. Elon- 15 
gated body 1 has a wedge-shaped distal end portion 2, 
about 1 2 mm long and 7 mm wide in the preferred solu- 
tion, providing flat surfaces 2a which symmetrically 
depart each other from the relevant, rounded distal end 
2b, towards the center of body 1 itself. Wedge-shaped 20 
portion 2 also provides side flanks 2c, extending in a 
parallel way between flat surfaces 2a. A passage 3 is 
formed in wedge-shaped portion 2, running transver- 
sally between surfaces 2a and thus generating a distal 
end rod 15, preferably having a substantially circular 25 
cross section with a width of about 3 mm. 
[001 2] A substantially cylindrical central portion 4 of 
body 1 coaxially and integrally extends from wedge- 
shaped portion 2, leading to a flat bit 6 via two faces 5, 
symmetrically curved inwards, so as to taper the profile 30 
of body 1 . Flat bit 6 integrally holds a couple of proximal 
end shoulders 7, shaped substantially like spherical 
segments comprising respective plane surfaces 7a, 
spaced each other and normal to flat bit 6. 
[0013] An axle 8 extends between plane surfaces 35 
7a of shoulders 7, for pivotally supporting a set bar 9, 
preferably about 1 0 mm long, comprising a central block 
9a, engaging with axle 8, and a couple of substantially 
flat, smooth-edged, coplanar stop arms 9b extending 
from opposite sides of central block 9a. On each arm 9b 40 
a hole 10 is formed near the relevant free edge, in a 
central position. 

[0014] Bar 9 is pivoted around axle 8 - i.e. around 
an axis which is normal to side flanks 2c of wedge- 
shaped portion 2 - between two insertion positions, 45 
angularly spaced by 180°. Namely, in each insertion 
position, as shown in figure 3, bar 9 is substantially 
coaxial to body 1 , a stop arm 9b abutting against flat bit 
6 while the other extends beyond the proximal end of 
body 1 itself (i. e. the free ends of shoulders 7). The 50 
accomplishment of such arrangements is permitted 
thanks to a suitable shaping of the longer edges of bar 
9, e. g. by means of symmetrical chamfers 1 1 formed 
along them, so as to avoid any interference with shoul- 
ders 7. In an intermediate, fixation position, shown in 55 
figure 2, bar 9 is substantially normal to the axis of body 
1, arms 9b protruding outwards from diametrically 
opposite points. 



[0015] With reference in particular to figures 4a and 
4b, the use of the device according to the invention is as 
follows. Suture threads 14a and 14b are attached to set 
bar 9 of the device, by inserting them in the two holes 1 0 
respectively. Then, ST and G tendons are looped into 
passage 3 of wedge-shaped portion 2. 
[0016] Consecutive tunnels 12a and 13a are 
formed by the surgeon in patient's tibia 12 and femur 1 3 
respectively, as occurs in known ACL reconstruction 
techniques. Namely, the surgeon advances a K-wire as 
a guide through the desired insertion site on the lateral 
femoral condyle, so that the guide exits the femoral 
anterolateral cortical surface 13b. Subsequently, the 
surgeon passes an endoscopic reamer over the K-wire 
and drills a femoral tunnel 13a (typically 5 mm wide) 
from the intercondylar notch through the anterolateral 
femoral cortex. Using the same guide, an enlarged sec- 
tion 13a 1 of the femoral tunnel 1 3a is formed (typically 8 
mm wide and stopping 25 mm before the femoral 
cortex) in order to complete the socket. 
[0017] Keeping set bar 9 in a insertion position, the 
device is inserted into tibial tunnel 12a. A traction 
exerted on thread 14b attached to arm 9b which pro- 
trudes axially, makes the device slide along tibial tunnel 
12a and enlarged section 13a' of femoral one 13a. The 
wedged shape of distal end portion 2 assists such slid- 
ing, generating a gap which houses the tendons and 
consequently prevents an excessive transverse hin- 
drance of the graft-device assembly. The sliding is 
stopped when the graft, looped around end rod 15 of 
wedge-shaped portion 2, abuts against the end of 
enlarged section 13a' of femoral tunnel 13a. At this 
moment, the proximal end of the device partly projects 
out the femoral cortical surface 13b (see figure 4a), so 
that the rotation of set bar 9 towards the fixation position 
is allowed. Feeling that the graft has stopped and that 
the proximal end of the device is out of the bone cortex, 
the surgeon rotates set bar 9 by gently pulling the other 
thread 14a, i. e. that attached to arm 9b which in the 
insertion position is housed within shoulders 7 (see fig- 
ure 4b). 

[0018] Then, a gentle pull of the graft, in a direction 
opposite to the insertion one, causes the complete abut- 
ment of both stop arms 9b of set bar 9 against the fem- 
oral cortical surface 13b. In this way, the device is 
stopped in the fixation arrangement, without bringing 
about no substantial protrusions on the cortical surface. 
Finally, tendons ST and G are distally secured to tibia 
1 2 - namely to the tibial metaphysis - by means of a cor- 
tical screw and a toothed washer (not shown). 
[0019] The device according to the invention, 
although assuring a suitable exit of the graft at the level 
of tibia 12 (very similar to that of the original ACL), pro- 
vides a distal fixation of the graft itself well inside the 
femoral tunnel 13a. This results in a reduced length of 
the graft and consequently in a greater stiffness thereof. 
In fact, using a device of the above mentioned size, con- 
sidering that the femoral tunnel 13a (including enlarged 
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section 13a') is, on average, about 55 mm long, the dis- 
tance between the graft distal fixation point and the 
articulation exit is only about 28 mm. Consequently, the 
contact area between the graft and the walls of femoral 
tunnel 13a - more precisely of enlarged section 13a 1 , 5 
made up of cancellous bone - is about 40 mm long. 
[0020] Besides, the fixation is achieved without 
weak bridges between the femoral cortex and the graft 
bent within passage 3. Thanks to this, the cortex can 
bear a load which is substantially equal to the failure 10 
load of the device, i. e. about 2400 N, this figure being 
comparable with the failure load of the graft (doubled ST 
and G tendons). 

[0021] Moreover, the surgical technique is very sim- 
ple, quick and safe, does not necessitate the accom- 15 
plishment of supplementary incisions and consequently 
does not require a long training of the surgeon. Addi- 
tionally, thanks to the pivotal arrangement of set bar 9, a 
simple insertion of the device and a simple possible 
removal thereof in any step of the operation are allowed. 20 
[0022] Finally, stop arms 9b of set bar 9, although 
providing a wide abutment area against the cortical sur- 
face, do not disturb the adjacent muscles, due to their 
flat shape and smooth edges. 

[0023] In order to make easier the above described 25 
operation, threads 14a, 14b can have different colours, 
so that the surgeon immediately distinguishes which of 
them has to be operated. 

[0024] In the present description, particular refer- 
ence has been made to a device which is suitable for 30 
the fixation of doubled ST and G tendons. However, 
doubled ST can simply be used. In that case, the length 
of body 1 has to be suitably increased, in order to permit 
an even more distal fixation. 

[0025] Variations and/or modifications can be 35 
brought to the device for the femoral fixation of the ST 
and G tendons for the reconstruction of the ACL of the 
knee according to the present invention, without depart- 
ing from the scope of the invention as defined in the 
attached claims. 40 

Claims 

1. A device for the femoral fixation of the 
semitendinosus and gracilis tendons for the recon- 45 
struction of the anterior cruciate ligament, charac- 
terised in that it comprises: an elongated body (1); 
means (2, 3) for anchoring said tendons to said 
body (1), formed in correspondence to a distal end 
of the body (1 ); and a set bar (9) pivotally supported 50 
by said body (1) about a transverse axis in corre- 
spondence to a proximal end of the body (1), said 
set bar (9) comprising a couple of coaxial stop arms 
(9b) and being pivotable between two insertion 
positions, angularly spaced by 180°, in each inser- 55 
tion position a respective stop arm (9b) extending 
beyond the proximal end of said body, coaxial ly 
thereto, whereby the device is inserted into consec- 



utive tunnels (12a, 13a) preliminarily formed in the 
tibia (12) and femur (13) of a patient, while keeping 
said set bar (9) in a insertion position, until the prox- 
imal end of said body (1) partly projects out of the 
femoral tunnel (13a), and in such condition said set 
bar (9) is rotated to a fixation position, intermediate 
between said insertion positions, in order to cause 
the abutment of said stop arms (9b) against the cor- 
tical surface (13b) of said femur (13), the sliding of 
said body (1) within said tunnels (12a, 13a) and the 
rotation of said set bar (9) being operated by the 
surgeon via threads (14a, 14b) attached to the 
respective stop arms (9b). 

2. The device according to claim 1, wherein said 
means for anchoring the tendons to said elongated 
body (1) comprise a passage (3) formed in said dis- 
tal end of the body. 

3. The device according to claim 2, wherein said pas- 
sage (3) is formed in a wedge-shaped distal end 
portion (2) integrally formed in said body (1). 

4. The device according to claims 2 or 3, wherein said 
passage (3) generates a distal end rod (15) having 
a substantially circular cross section. 

5. The device according to any of the previous claims, 
wherein said stop arms (9b) have a smooth-edged 
flat shape and extend in a coplanar way between 
opposite sides of a central block (9a) pivotally 
engaged with said body (1 ). 

6. The device according to any of the previous claims, 
wherein said elongated body (1) comprises a flat bit 

(6) integrally holding a couple of proximal end 
shoulders (7), an axle (8) for pivotally supporting 
said set bar (9) extending between said shoulders 

(7) , in each insertion position a respective stop arm 
(9b) of said set bar (9) abutting against said flat bit 
(6), while the other extends beyond the free ends of 
said shoulders (7). 

7. The device according to claim 6, wherein said 
shoulders (7) are shaped substantially like spheri- 
cal segments comprising respective plane surfaces 
(7a), spaced each other and normal to said flat bit 
(6), the accomplishment of said insertion position 
being permitted thanks to symmetrical chamfers 
(11) formed along said set bar (9), avoiding the 
interference with shoulders (7). 

8. The device according to claims 6 or 7, wherein a 
substantially cylindrical central portion (4) of body 
(1) coaxially and integrally extends from said 
wedge-shaped portion (2), leading to said flat bit (6) 
via two faces (5), symmetrically curved inwards, so 
as to taper the profile of body (1 ). 
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9. The device according to any of the previous claims, 
wherein respective holes (10) are formed in said 
stop arms (9b) in order to assist the connection of 
said threads (1 4a, 1 4b) to said set bar (9). 

5 

10. The device according to any of the previous claims, 
wherein said threads (14a, 14b) have different col- 
ours, whereby the surgeon can immediately distin- 
guish which of them has to be operated. 

10 
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